Abstract:
INTRODUCTION
Staphylococcus aureus is a Gram-positive bacterium commonly found on the surfaces of the human skin and mucous membranes and can be carried asymptomatically for weeks or months on mucous membranes. It is a leading cause of community acquired infections particularly in colonized humans [1 -3] .
Strains of S. aureus have developed resistance to antimicrobial agents and their prevalence outside the hospital is of potential epidemiological threat. Accumulation of resistance factors by S. aureus has rendered the bacterium immune to a variety of commonly used antibiotics, thus increasing the ability of S. aureus to survive in hostile environments [4 -6] . S. aureus was initially reported resistant to penicillin when penicillinase-producing S. aureus strains were detected. This led to the development of penicillinase-resistant semi-synthetic penicillins, such as methicillin and oxacillin in 1961 to treat Penicillin resistant S. aureus. Unfortunately, Methicillin-resistant S. aureus (MRSA) was reported 2 years after its introduction in the United Kingdom [2, 7] . MRSA is a strain of S. aureus that is resistant to a large group of antibiotics, called "beta-lactams'. Strains resistant to vancomycin and ciprofloxacin have equally emerged [8, 9] . MRSA is one of the major causes of infections in humans, occurring in both the community and the hospital [10] . It causes skin infections, osteoarthritis and respiratory tract infections. MRSA equally causes abscess in deep organs, and is responsible for toxin mediated diseases. Infections caused by MRSA have been reported to be responsible for increased length of hospital stays, rising health care costs, and a high mortality rate. Carriers of MRSA are also prone to septicemia, wound infections and the occasional toxic shock syndrome [2, 8, 11] . Akerele et al. [8] recently reported that acquisition of MRSA has been associated with two different environments: Community-acquired MRSA (CA-MRSA) and healthcare-acquired MRSA (HA-MRSA). MRSA poses a serious therapeutic problem in Nigeria because information on mechanism of their emergence and spread is limited in the community. Therefore characterization of isolates provides base line information needed to implement strategies for the effective management of MRSA carriage. CA-MRSA is a major global challenge due to the presence of multiple drug resistant genes and colonization has been identified as a major risk factor which influences the rapid spread of this MRSA. This present study was conducted to evaluate the prevalence and molecular features of community acquired-methicillin resistant Staphylococcus aureus from fomites, staff and students of Faculty of Pharmaceutical Sciences, Nnamdi Azikiwe University, Awka, Nigeria.
METHODS

Sampling
Swabs were collected randomly from healthy individuals (Staff and students) and fomites of the Faculty of Pharmaceutical Sciences after obtaining their informed consent. The study protocol was performed according to the Helsinki declaration and approved by management of Nnamdi Azikiwe University Teaching Hospital ethical committee.
Isolation and Identification of Bacteria
Sterile cotton swab was used to collect samples from nasal, hands and fomites. The swab sticks containing various samples were inoculated into Mannitol salt agar (MSA) (Oxoid, England) plates within 1-2 h of collection and incubated at 35 o C for 24-48 hours. Streak plate technique was used to obtain culture of each isolate. The isolates were identified using colony morphology, Gram staining and biochemical tests including catalase test, coagulase test according to standard bacteriological procedures [12] . In this study, isolates that were Gram positive cocci in clusters, catalase positive and coagulase positive were considered as S. aureus.
Detection of MRSA Using Disc Diffusion Method
All the presumptive MRSA isolates were differentiated from other coagulase positive isolates following the methods of Cheesbrough [12] . Briefly, sterile swabs were used to inoculate the test organism onto the sensitivity agar (Mueller Hinton). Sterile forceps were used to carefully distribute the following antibiotic disc, oxacillin (1µg), cloxacillin (5µg), cefoxitin (30µg) and vancomycin (30µg) (Oxoid, Germany) evenly on the inoculated plates at a distance of 30 mm (Fig. 1) . The plates were kept on the bench for 30 minutes to allow pre-diffusion of the antibiotics, these were inverted and incubated aerobically at 35 o C for 18-24 hours. The zones of inhibition were measured using a meter rule and compared with CLSI guidelines [10] .
Antimicrobial Screening Studies
Antibiotic Sensitivity Test of MRSA
Antibiotic sensitivity of the isolates was determined using Kirby -Bauer disc -diffusion method as described by Okore [13] . The isolates were grown in Nutrient broth at 37 o C for 24 hours. Two loopfuls (0.08 mL) of the suspension of each isolate, standardized by matching with 0.5 MCF were inoculated into 20 mL of sterile molten agar in 10 cm diameter Petri dishes and mixed. The plates were allowed to set and the antibiotic sensitivity disc (Oxoid UK) containing ceftriaxone (30µg), ampicillin (10µg), amoxicillin-clavulanic acid (25µg), tetracycline (30µg), ciprofloxacin (5µg), gentamicin (10µg), erythromycin (15µg) and chloramphenicol (30µg) were aseptically placed on their surfaces. The plates were incubated at 37°C for 24 hours and the resultant inhibition zone diameters (IZDs) measured and recorded. Fig. (1) . Detection of MRSA using oxacillin, cefoxitin and cloxacillin Oxoid discs.
Determination of Minimum Inhibitory Concentration (MIC)
The antibiotics gentamicin, oxacillin sodium salt and vancomycin hydrochloride (Oxoid UK) were used for this assay. Stock solution (128 μg/mL) of each antibiotic was made with distilled water. Adopting the agar dilution method, five serial dilutions of each stock solution were made using 2-fold dilution [13, 14] . Exactly 1 mL from each serial dilution was incorporated into 10 mLof molten nutrient agar and allowed to solidify. A loopful of each suspension of the test organisms was streaked on the plates and incubated at 37°C for 24 hours. The MIC of each antibiotic for each organism was recorded after overnight incubation at 37°C as the lowest concentration yielding no growth or a barely visible haze.
MRSA Molecular Characterization Studies
Rapid Latex Agglutination
The test tube containing the organism was suspended in microcentrifuge with the extraction reagent and placed in boiling water for 3 min at 95 o C to obtain the supernatant. For each supernatant to be tested, 50 μL was placed separately on the circle labelled "Test" and "Control". One drop of test latex was added, rocked for three minutes and observed for agglutination under normal lighting conditions.
Detection of mecA gene by Polymerase Chain Reaction (PCR): Extraction of DNA and Amplification of mecA gene
The protocol developed by Innis et al. [15] , was used for the detection of mecA gene among the isolates. MRSA isolates were cultured on Mueller Hinton agar for 24 hours at 35°C, a single colony from each plate was inoculated in mannitol salt broth and incubated for 24 hours at 35°C. Suspension of 1.5 mL of culture was dispensed into eppendorf tubes, centrifuged at 12000 rpm for 1 minutes and the cell pellet was washed with 200 µL of water. The pellet was vortexed for 5 minutes, heated at 95 o C for 10 minutes, washed with 70% ethanol, resuspended in 50 μL of Tris EDTA (TE) elution buffer and kept at -20 o C until used. DNA amplification was carried out according to the following protocol: Cycling conditions of the thermo cycler were performed at 94°C for 5 min., followed by 30 cycles of denaturing at 94°C for 30 s and annealing temperature was at 55°C for 30 s. The elongation or extension stage of the mecA gene was at 72°C for 1 min with a final extension temperature at 72°C for 5 min. The PCR products were separated on 1.5% agarose gel electrophoresis and visualised with 0.5 μg/mL ethidium bromide under ultraviolet transilluminator. A 1 kb DNA ladder was used as the molecular weight standard. The PCR amplification was performed in a total volume of 25μL containing the reaction mixture ( Table 1) . 3. RESULTS
Distribution of Community Isolates of Staphylococcus aureus
In this research, a total of 142 S. aureus were isolated from 261 specimens of different sources (Nasal, hand and fomite). From the nasal and hand isolates, the staphylococcal carriers, 52% were from males and 65% were from females .The percentage of S. aureus isolates was in this order: nasal > hand > fomite having 57%, 25.4% and 17.6% respectively ( Table 2) . 
Finding of MRSA
A total of 59 methicillin resistant Staphylococcus aureus (MRSA) isolates were detected using these antibiotics: oxacillin, cloxacillin, cefoxitin and vancomycin based on CLSI guide lines (Fig. 1) . The 59 MRSA were from Nose (33), Hand (13) and Fomites (13) . The overall prevalence of MRSA was 22.6% (59/261). The resistance was 100% in all 59 strains for cefoxitin, cloxacillin and oxacillin disc diffusion test. Out of 59 MRSA isolates, 51 (86.4%) were susceptible to vancomycin while 8 (13.6%) were resistant to vancomycin (Fig. 1). 
Distribution of MRSA Isolates in Relation to Gender, Age and Source
MRSA carriage varies according to gender, age and source. Gender based analyses for nasal carriers showed that prevalence of MRSA was higher among females. Out of 46 MRSA isolates, 20 (43.55%) were from males while 26 (56.5%) were from females ( Table 3) . Twelve (36.4%) out of 33 (40.7%) MRSA nasal carriers were males while 21 (63.6%) were females ( Table 3 
Antibiotic Sensitivity Profile of the MRSA Isolates
A total of 8 different antibiotics were used to test for the susceptibility pattern of MRSA isolates on Mueller-Hinton agar (MHA) plates using disc diffusion. The three sources showed variable results. Susceptibility pattern of MRSA nasal isolates was in order: gentamicin (93%)~ erythromycin (93%) > amoxicillin-clavulanic acid (90.9%) > ceftriaxone, (84.8%) > chloramphenicol (81.8%) ~ ciprofloxacin (81.8%) > tetracycline (72.7%) > ampicillin (27.3%) (Fig. 2) . MRSA screened from hand isolates showed that 84.6% were susceptible to gentamicin, 76.9% to chloramphenicol, ciprofloxacin, ceftriaxone and amoxicillin-clauvulanic acid, 69.2% to erythromycin while ampicillin and tetracycline recorded low susceptibility profile of 46.2% and 23.1% respectively (Fig. 3) .
The MRSA isolates from fomites showed 100% sensitivity to ciprofloxacin, gentamicin and amoxicillin-clavulanic acid, 84.6% to ceftriaxone but recorded susceptibility profile of less than 70% to ampicillin, tetracycline, erythromycin and chloramphenicol. Also 69.2% showed an intermediate susceptibility to ampicillin (Fig. 4) . Out of 43 isolates from the three sources, 53.4% had MARI higher than 0.2 while 46.5% from the three sources had MARI lower than 0.2 ( Table 5) . 
a m p i c i l i n t e t r a c y c l i n e c h l o r a m p h e n i c o l c i p r o f l o x a c i n e r y t h r o m y c i n c e f t r i a x o n e
Minimum Inhibitory Concentration (MIC) of MRSA
In our study, Oxacillin MIC test showed that nasal, hand and fomite isolates tested were resistant with MICs ranging from 4-32 μg/mL ( Table 6 ) which confirmed the CLSI (1997) criteria of ≥ 4 μg/mL. For nasal isolates; 21.9% were inhibited at concentration of 4 ug/ml; 34.4% at 8 μg/ml 18.6% at 16 μg/ml and 6.3% at 32 μg/ml, while for hand isolates; no isolates was inhibited at concentration of 4 μg/ml; 16.7% at 8 μg/ml; 33.3% at 16 μg/ml and 16.7% at 32 μg/ml. In the case of fomite isolates; 7.7% were inhibited at concentration of 4 μg/ml; 23.1% at 8 μg/ml; 38.5% at 16 μg/ml and 0% at 32 μg/ml. The organisms expressed high level of resistance to oxacillin.
Molecular Studies
Result of PBP2a Latex MRSA Screening Test and Detection of mecA gene by Polymerase Chain Reaction (PCR)
The rapid latex kit detected penicillin binding protein 2a in 5 (8.4%) of the MRSA isolates, all from nasal carriage ( Table 7) and mecA gene was detected in 5 (8.4%) of the MRSA isolates: N14, N38, N69, N55, and N77. 
DISCUSSION
Community-acquired infections with Staphylococcus aureus have increased and CA-MRSA is a major global challenge due to the presence of multiple drug resistant genes. Because of the ability of this staphylococci strain to acquire antimicrobial resistance over time, MRSA will continue to be a problem in the future.
The overall prevalence of MRSA was 22.6% (59/261). Recent studies indicate that disc diffusion test using cefoxitin is far superior to most of the currently recommended phenotypic methods like oxacillin disc diffusion. It has been reported as surrogate marker of mecA gene, gives clearer end points, easier to read and is more reproducible than tests with Oxacillin disk diffusion. Thus cefoxitin is now an accepted method for detecting MRSA with high efficiency and has been used as an alternative to PCR in resource constrained areas [16] . Also MRSA strains exhibiting inducible resistance to methicillin grow much more readily in the presence of cefoxitin than oxacillin, due to an enhanced induction of PBP 2a by cefoxitin. Other studies have shown such a higher MRSA prevalence ranging from 40.6% to 59.3% [17] . The observed MRSA prevalence of 22.6% is close to 20.1% recorded in a study carried out in National Orthopedic Hospital Enugu also in south eastern Nigeria but higher than 12.5% prevalence recorded in Maiduguri, Northeastern Nigeria [18, 19] .Our reported prevalence is lower than the prevalence rate of 34.7% recorded in Ilorin, 30.4% in Ibadan (both in south west Nigeria) and 43.0% reported in Jos North central Nigeria [20 -22] . In contrast to our findings, the prevalence of CA-MRSA was found to be very low in Switzerland (0.09%), the United Kingdom (0.005%), Spain and Portugal [23] . However, a very high prevalence of 36.1% frequency of MRSA was reported in Pakistan by Ullah et al. [24] . This confirms the high regional variations in the findings from different countries and cities. The prevalence of 22.6% MRSA in the studied locality is alarming as strains of CA-MRSA that cause soft-tissue infections in healthy people have been recorded worldwide [25, 26] . Similar no significant difference in carriage rates of S. aureus and CA-MRSA isolates among male and female subjects as well as among age groups have previously been reported [7, 11, 27] . Higher MRSA carriage among individuals of 20-30 is very significant in the studied locality. This is because age of most of the students are within the age bracket of 20-30 years and are living in overcrowded hostels thus having members colonized with MRSA will increase the risk of others becoming colonized. Crowded environments have been reported to significantly increase the risk of MRSA colonization. Colonization has been reported as an important step in the chain of events that lead to S. aureus infections [1, 28, 29] .
Similarly insignificant variation in MRSA isolation rate from, nasal, fomite and hand (p>0.05) found in this study is similar to findings of Loren and Binh [30] , which have suggested that nasal colonization is not the only route for pathogenesis of CA-MRSA infection and that skin-skin and skin-fomite contact could represent important transmission routes. Nasal carriage of MRSA is an important risk factor for subsequent MRSA infection and transmission as the bacterium is transmitted to the nares by contaminated hands and from surfaces where it can survive for months [31] .
Al-Ruaily and Khalil [28] equally maintained that contaminated environmental surfaces also contribute to the MRSA transmission. However, transmission occurs mainly through person-to-person contact as the nose and open skin areas are considered the most important sites for colonization.
In this study, MRSA isolates recorded a very high susceptible rate of > 60% to various antibiotics tested based on the three sources. Nasal and hand isolates were susceptible to gentamicin with 93.9% and 84.6% respectively which is in contrast to previous reports [32] . The susceptibility profile (100%) of the fomite MRSA isolates to gentamicin, ciprofloxacin and erythromycin is consistent with previous report of Kadora [33] . Gentamicin is an aminoglycoside which is injectable and thus its usage is highly restricted unlike other antibiotics which are in tablet forms. It was also observed that isolates recorded a very high resistance to ampicillin and thus is in agreement with previous studies in Nigeria [10, 11, 34] . Ampicillin is a beta-lactam antibiotic. Resistance to the above class of antibiotic is normally mediated when there is disruption in the beta-lactam ring by the enzyme beta-lactamase which deactivates the molecule's antibacterial property [34, 35] . Other causes of resistance may be attributed to non-compliance to prescription among the students. It is also evident that regional habits equally impact the exponential growth of this resistance because most individuals resort to patronizing patent medicine stores without correct prescription, dosage and shelf life in the community. Very low resistance (15.4%) to ciprofloxacin, a fluoroquinolone recorded in our study has been reported by another study with 16.6% [36] . The isolates showed resistance towards commonly used antibiotics such as ampicillin, and tetracycline. This is in agreement with previous reports that most isolates of S. aureus are resistant to a large number of commonly prescribed antibiotics [11, 25] . Self medication and indiscriminate use of antibiotics have severally been reported as promoters of antibiotic resistance and frequent administration of systemic antibiotics modified nasal S. aureus from MSSA to MRSA [11, 37, 38] . A MAR index greater than 0.2 implies that the strains of such bacteria originate from an environment where several antibiotics are used [39] . The MAR indices obtained in this study is similar to the value obtained in our previously published study [39] and this shows that a very greater proportion of the bacterial isolates have been exposed to several antibiotics. Moreover the differences in sensitivity profile of the bacteria isolates among the sources may be attributed to practices of self medication, drug abuse and indiscriminate use of antibiotics. Similarly, Onanuga et al. [3] , also confirmed the occurrence of high multiple antibiotic index in their study. This is in conformity with previous observations that most isolates of S. aureus are resistant to a large number of commonly prescribed antibiotics. Methicillin resistance in S. aureus is primarily mediated by the mecA gene which codes for the modified penicillin-binding protein 2a (PBP 2a or PBP 2') [25, 40] . PBP2a is located in the bacterial cell wall and has a low binding affinity for β-lactams. This low percentage rate of PBP2a is in agreement with previous studies about the suitability of latex screen test for MRSA identification [41] . The low percentage rate of PBP2a observed only from nasal carriage can be that the isolates produced small amount of PBP2a which resulted in weak agglutination reaction and that the agglutination occurred very slowly beyond the specified 3 min. Conventional methods of detecting mecA are often limited by the heterogeneous expression of resistance which are in turn influenced by most of in vitro conditions [42, 43] . PCR is considered to be the gold standard among the approaches for the detection of methicillin resistance [44, 45] . Babiker et al ., [46] in their study found a higher prevalence of mecA gene (76%) among MRSA isolates. However a multicenter study in South-western Nigeria by Adesida et al. [47] , reported 1.4% mec A gene among the isolates. Resistance in S. aureus was previously reported to involve two mechanisms the expression of beta lactamase and mecA gene [28, 48] .
CONCLUSION
Detection of MRSA is important for appropriate implementation of infection control measures. This study recorded overall MRSA prevalence of 22.6%. The carriage rate was higher in females than males and was highest in individuals of 20-30 years age group. Penicillin binding protein 2a and mec A gene were detected in 20% of the MRSA isolates. There is the need to reassess the policies on appropriate use of antibiotics within community and in the hospital environments. Education /awareness on hand washing and utilization of hand sanitizers is necessary to limit the occurrence and spread of MRSA.
